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A Highly Integrated Airborne Image Data Acquisition & Processing System

Tiltan’s Automated Geo-Map
In cooperation with Diamond Airborne Sensing, the Tiltan company has developed a highly integrated
airborne image data acquisition and photogrammetric processing system. This utilizes digital frame
images that have been acquired employing the step framing principle in a convergent oblique mode to
produce its stereo-coverage of the terrain. The overlapping stereo-images can then be used to produce
true orthophotos and 3D urban models using highly automated photogrammetric image processing
techniques.
By Gordon Petrie
image generation, Tiltan has developed
its ILX product, which is a 2D visualization
engine that is being used in various mapping,
GIS and image interpretation applications.

TLiD Software Package

Fig. 1 – A perspective view of an area of terrain, showing the features (buildings, trees, etc.) that have been extracted from airborne
laser scan data and placed against an image background. (Source: Tiltan)

Introduction & Background to
Tiltan
Tiltan Systems Engineering Ltd. is an Israeli
company that develops 2D and 3D imagebased terrain visualization software and systems and supplies these to an international
customer base. It also develops and provides
visual solutions for military training and simulations and for command and control applications. Within this latter context, the Tiltan company is a preferred supplier of visual
intelligence solutions to the Israeli Ministry of
Defense (IMOD). The Matrix company, which
is a leading IT services and solutions provider
within Israel, and the aircraft manufacturer,
Israel Aircraft Industries (IAI), each own 35%
of the Tiltan company. The remaining 30% is
owned by the three original founders of the
company, one of whom, Arie Shafir, has acted
as its Chief Executive Officer (CEO).
With regard to 3D image generation for

visualization purposes, the Tiltan company
offers (i) its TView Engine, which generates
photo-realistic scenes of a virtually unlimited
size for training and simulation purposes; (ii)
its FlighTV product, which generates terrain
images that are used for flight training and
simulation; (iii) its SpoTView product by
which the images from multiple airborne sensors are presented on “video walls” against
the background of a computer-generated 3D
image of the terrain; and (iv) its IRView
product that generates terrain images for infrared (IR) sensor simulation and training. Besides
which, Tiltan also offers a Database
Generation System that employs automatic and rule-based modelling as the basis of its
solution. The company also supplies high-resolution geographic databases of large areas.
This has included the construction of a realistic 3D model of the whole of the West Bank
area for the Israeli Army. Regarding 2D
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Given this background, it will come as no surprise to readers to learn that Tiltan has also
developed its TLiD software package that carries out the highly automated processing of
airborne laser scan data. This package was
originally developed in cooperation with the
Italian National Institute of Oceanography &
Applied Geophysics (OGS) based in Trieste.
The TLiD software can transform the geo-referenced point cloud data that is acquired by an
airborne laser scanner system into the appropriate GIS layers and can generate a photorealistic 3D presentation of the processed
data. The package’s capabilities include the
extraction of the buildings, trees and power
lines that have been measured and recorded
by the airborne laser scanner [Fig. 1]. With
the TLiD solution, users can process the airborne lidar data either on-site or in-house.
Among the customers and users is the well
known Tuck Mapping Solutions aerial
mapping company which is based in Virginia,
U.S.A.
Besides the outright purchase of the software,
the processing of airborne laser scan data
using the TLiD system can also be carried out
as a service either by Tiltan or via a Tiltan partner. One of these partners is Diamond
Airborne Sensing GmbH, which is a
wholly owned subsidiary of Diamond Aircraft
Industries, the Austrian manufacturer of single
and twin-engined light aircraft, whose headquarters and main manufacturing facilities are
located in Wiener Neustadt, just south of
Vienna. Diamond Airborne Sensing operates
a number of Diamond DA 42 twin-engined
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ping (AGM) System
Fig. 2 – This illustration shows three different Diamond DA 42 MPP
(Multi Purpose Platform) aircraft. At the top is a DA 42 MPP aircraft
that has been fitted with a belly pod, (designed by Diamond) which
contains a RIEGL laser scanner and an IGI DigiCAM camera.
The middle aircraft is fitted with a nose cone (again designed by
Diamond) that carries a Cineflex gyro-stabilized turret containing a
high-resolution video camera for surveillance purposes. At the foot is
yet another DA 42 MPP aircraft fitted with a different nose cone
containing a Vexcel UltraCam large-format digital metric camera.
(Source: Diamond Airborne Sensing)

aircraft. This allows the company to demonstrate the capability of the MPP (Multi-Purpose
Platform) version of the DA 42 aircraft using
a variety of different airborne imaging and
laser scanning devices. These include highresolution video cameras such as the Cineflex
range from Axsys Technologies, the L3
WESCAM range; and FLIR’s EO/IR systems;
the Vexcel UltraCam digital metric frame cameras; and RIEGL’s laser scanners [Fig. 2].
In order to implement the last of these systems,
Diamond Airborne Sensing formed a partnership with RIEGL Laser Measurement
Systems. This resulted in the development of
a special belly pod with twin windows that
could be fitted to the underside of a DA 42
MPP aircraft and could accommodate either
one or two RIEGL LMS-Q560 laser scanners
in combination with a medium-format digital
frame camera from IGI. The resulting system
has been used by Diamond Airborne Sensing
both as a demonstrator and to provide an airborne laser scanning and imaging service. In
both cases, the required processing of the air-

borne laser scan data has then carried out
using the Tiltan TLiD software that had been
installed at the Diamond Systems computer
centre located near Frankfurt, Germany.

Automated Geo-Mapping (AGM)
System
The belly pod that was developed by
Diamond and has been certified by the
European airworthiness authorities for use
with the RIEGL laser scanners on the Diamond
DA 42 MPP aircraft is now being used as the
platform for a new camera system [Fig. 3] that

has been developed by Tiltan in a further
cooperative partnership that has been established between Diamond Airborne Sensing
and Tiltan Systems Engineering. From the
point of view of Diamond Aircraft, this extends
the range of electro-optical imaging systems
that can be operated from the DA 42 MPP aircraft. While, from the point of view of Tiltan,
this marks its entry into the area of supplying
airborne image acquisition systems in combination with its recently developed and highly
automated photogrammetric processing software. The overall mapping system has been
designed with a particular emphasis on the
acquisition of the airborne image data that is
required for 3D urban modelling. Tiltan labels
this combined image acquisition and photogrammetric processing system as its
Automated Geo-Mapping (AGM) system. Within which, the camera sub-system is
called the Airborne Mapping Unit
(AMU); while the photogrammetric sub-system is referred to as the Ground
Processing Unit (GPU).

Fig. 3 – The Diamond DA MPP aircraft fitted with its belly pod that
has been used as the platform for the Tiltan Airborne Mapping Unit
(AMU). (Source: Diamond Airborne Sensing)
Latest News? Visit www.geoinformatics.com
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[Fig. 5]. It is also possible to set the pointing
angles at any intermediate angular value
between 00 and 450, if this is required.

Fig.. 4 – A diagram showing the configuration and the coverage of
the backward and forward pointing digital frame cameras of the
AMU, each of which steps to expose four images in rapid succession
during a single sweep or scan in the cross-track direction (Source:
Tiltan)

Airborne Mapping Unit (AMU)
The Airborne Mapping Unit (AMU) is a
twin digital frame camera unit that implements
the stepping frame principle by which each
of the two cameras simultaneously acquires a
strip or fan of four frame images in rapid succession in a single sweep in the cross-track
direction relative to the aircraft’s flight line.
Besides which, each of the two cameras is
configured to point at angles of 160 to the vertical in both the forward and backward directions along the flight line respectively [Fig. 4].
This ensures that the same piece of terrain will
be covered by a pair of overlapping convergent oblique frame images having an intersection angle of 320 in the flight direction. This
configuration
provides
an
excellent
base:height ratio of 0.57 for the photogrammetric determination of the ground elevations
of each terrain strip that has been imaged.
The two cameras can also be set at the much
higher angles of 450 to the vertical in both the
forward and backward directions relative to
the flight line. This alternative configuration
will be used if the main objective is to acquire
highly oblique images of urban areas that will
provide details of building facades for inclusion in the 3D urban modelling of such areas

Each of the two cameras utilizes a small-format Kodak CCD frame imaging array having
a format size of 4,008 x 2,672 pixels = 11
Megapixels, with each pixel being 9 x 9 µm
in size. The focal length (f) of the wide aperture (f/4) lens that is used in each camera is
300 mm. From a flying height of 1 km, this
results in a ground pixel size or GSD of 3.3
cm. When used in conjunction with the rectangular CCD imaging array, the lens provides
an angular coverage of 6.90 along-track by
4.10 cross-track for each individual image.
With each camera imaging a strip of four
images during a single cross-track sweep or
scan, the total cross-track angular coverage
for each of the two cameras is 4 x 4.10 =
16.40. Each cross-track strip or fan of four
images will therefore contain circa 40
Megapixels of data in total, while the stereopair formed by the two overlapping strips of
frame images will comprise 80 Megapixels in
total. For operation at the comparatively low
altitudes that are flown to provide very high
resolution images, the exposure times need to
be extremely short in order to implement the
cross-scan sweep or scan and to ensure that
image blur is insignificant. With this in mind,
the exposure time can be set over the range
1/1,666th to 1/5,000th of a second. The
two cameras are calibrated by Tiltan in its own
laboratory using a specially constructed target.
The two cameras are mounted on a
lightweight but very stiff frame that allows
them to be inserted into the belly pod that was
originally developed to accommodate the
RIEGL laser scanners [Fig. 6]. In order to
implement the required imaging configuration,
both cameras are controlled by the system’s

Fig. 5 – (a) Showing a representative image acquired with the AMU camera unit
when it is set in the 16 degree convergent mode that will be used for the
acquisition of the images intended for photogrammetric processing.
(b) Showing a sample image acquired with the cameras set in the 45 degree
tilted configuration in order to obtain detailed information about the
building facades. (Source: Tiltan)

Scanning, Pointing & Stabilization
(SPS) unit. As the name suggests, the main
function of the SPS unit is to stabilize the cameras around their pitch and roll axes and to
control the angular pointing of the mirrors that
are placed in front of the camera lenses, so
implementing the required imaging configuration and the specific ground coverage of each
individual frame image. The whole AMU system is controlled by a PC that provides the
required commands to all of the individual
components and sub-systems of the overall system and manages the resulting outputs. The
images are recorded on a RAID system of
removable hard drives, with two drives being
allocated to each camera. Finally a NovAtel
GNSS dual-frequency receiver and antenna
are provided for geo-referencing purposes
using differential GPS techniques.
A flight planning module is also provided to carry out the pre-flight planning of the
tracks and flying heights that will need to be
flown in order to achieve the overall ground
coverage of the defined area at a specified
ground resolution, as required for a particular
mapping project. The computed data includes
the start and end points for the operation of
the AMU for each specific track [Fig. 7(a)].
This module is associated with a further module that provides both the pilot and the system
operator with a real-time display of the
actual course that is being flown with particular respect to the planned flight lines. In the
case of the systems operator, the monitor
screen will also display simultaneously the
operational status of all the individual components and sub-systems of the entire AMU system [Fig. 7 (b)].

Ground Processing Unit (GPU)
This sub-system carries out the fairly conventional all-digital photogrammetric work flow
that is required to produce a DSM & DTM

[b]

[a]
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[a]
using automated image correlation techniques
which will lead to the production of true
orthophotos and a 3D urban model. The initial processing involves the downloading of
the images and metadata that have been
acquired in-flight by the AMU system and their
conversion to the standard format that is
required for their further processing. This
includes their incorporation into a structured
database. A further preliminary processing
step is applied to the GNSS or GPS data that
has been recorded during the flight, both by
the airborne receiver and the base station.
This processing is carried out using the well
known GrafNav software from NovAtel’s
Waypoint Product Group. This converts the
raw GPS data into the precise position and
height (X, Y, Z) data in the required coordinate system that can be used in the subsequent
photogrammetric processing.
After which, the image data and the
GNSS/GPS coordinate data are fed into the
proprietary aerial triangulation module.

Fig. 6 – (a) The twin-camera system of the AMU system is mounted on
a lightweight frame, which is then inserted into the belly pod with its
two windows that was developed originally to accommodate twin RIEGL
laser scanners. (b) A close-up view of the twin-camera AMU attached to
the underside of the Diamond DA 42 MPP aircraft. The cover of the belly
pod is then placed over the twin-camera unit. (Source: Tiltan)

[b]

This first carries out the selection and identification of the tie-points at suitable locations on
each image. It then transfers the selected
points to the overlapping images using automatic image correlation techniques to form the
final block that will be triangulated. When this
has been achieved, the bundle orientation,

[a]

projection centre determination and block
adjustment are then carried out using all available ground control points (GCPs), either for
the complete block or for any selected part of
it. The block adjustment can handle tens of
thousands of images if required. Once the
aerial triangulation has been completed, a
digital surface model (DSM) is then
formed from the overlapping pairs of images,
again using automated image correlation
techniques that have been developed in-house
by Tiltan. A very high density of points per
square metre can be achieved using these
techniques. Furthermore Tiltan has also develFig. 7 – (a) Showing the planned flight routes superimposed over a
background image that has been extracted from Google Earth.
(b) A typical display as seen on the system operator’s monitor
screen during a mission flight. (Source: Tiltan)

[b]
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oped routines to identify, classify and extract
certain specific types of feature from the 3D
image data, including buildings, trees and
power lines. In this context, methods have also
been developed to identify and handle numerous different types of roof surfaces. Needless
to say, the results of all of this data processing also lead to the formation of a digital
terrain model (DTM) should this be
required. Finally a true orthophoto image
or a 3D urban model (or both) can then
be generated as the final mapping product
[Fig. 8]. Already Diamond Airborne Sensing
has carried out several missions with the podmounted AMU system in Austria with the final
GPU processing being carried out by Tiltan.
[Fig. 9]

Fig. 8 – (a) A true orthophoto that has been processed using the
GPU system. (b) A perspective view of the buildings and trees
forming part of the 3D model of an urban area that has been
produced by the GPU photogrammetric processing. (Source: Tiltan)

[b]

Conclusion
The twin digital camera arrangement of the
AMU imaging sub-system implements (i) the
step framing principle of acquiring multiple
images in the cross-track direction, in combi-

nation with (ii) a convergent oblique imaging
configuration – which certainly is a unique
and quite novel method of acquiring overlap-

ping airborne image data. The subsequent
data processing is carried out by the GPU
sub-system. This implements advanced photogrammetric methodology, especially in terms
of its extensive use of automated image matching and feature extraction techniques. In this
respect, it is extremely interesting to note that,
notwithstanding its previous and current
involvement in the processing of airborne laser
scan data to form digital terrain models, Tiltan
has chosen also to implement the alternative
method of forming these 3D models from overlapping stereo-imagery using photogrammetric techniques. It will be most interesting to see
how this highly integrated AGM airborne
imaging and photogrammetric processing system will be received by the aerial mapping
industry.
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Fig. 9 – A perspective view of the Diamond Aircraft facilities at the Wiener Neustadt Ost airfield that has been produced from images acquired by the
AMU camera system, with the subsequent point cloud generation and 3D modelling being carried out by the GPU processing system. (Source: Tiltan)
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